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NOVEL D1SPERSTBLE LIPID BLENDS AND USES THEREFOR 

RELATED APPLICATIONS 
This application is continuation in part of co- 
pending application U.S. Serial Number 08/401,974, filed 
5 March 9, 1995, which is a continuation in part of U.S. 

Serial No. 08/159,687, filed November 30, 1993, which is a 
continuation in part of U.S. Serial No. 08/076,239, filed 
June 6, 1993, now U.S. Patent No . 5 , 469 , 584 , which is a 
continuation in part of U.S. Serial No. 08/018,112, filed 
10 February 17, 1993, now abandoned, which is a divisional of 
U.S. Serial No. 07/967,974, filed October 27, 1992, now U.S. 
Patent No. 5,352,435, which is a divisional of U.S. Serial 
No. 07/818,069, filed January 8, 1992, now U.S. Patent No. 
5,230,882, which is a divisional of U.S. Serial No. 
15 07/750,877, filed August 26, 1991, now U.S. Patent No. 
5,123,414, which is a divisional of U.S. Serial No. 
07/569,828, filed August 20, 1990, now U.S. Patent No. 
5,088,499, which is a continuation in part of co-pending 
application U.S. Serial No. 07/455,707, now abandoned. 

20 BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to the field of methods for 
preparing a lyophilized lipid composition and gas- filled 
microspheres. The lyophilized lipid composition is 

25 especially useful in the preparation of gas-filled 

microspheres in accordance with the methods of the present 
invention. Microspheres prepared by these methods are 
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particularly suitable, for example, in ultrasonic imaging 
applications and in therapeutic delivery systems. 
Background of the Invention 

Preparations of conventional lipids and lipid 
5 blends are generally dispersed to a standard of uniformity 
by dispersion of the product in organic solvents such as 
cyclohexane :ethanol mixtures, followed by freezing and 
subsequent drying in vacuo (freeze drying) to yield a 
mixture. Conventional preparations of lipid dispersions or 

10 dry lipid blends are limited by process of making them 
whereby the lipids are solvated in organic solvents with 
dissimilar physical properties (i.e. solubility 
coefficients, polarity) to water or aqueous-based 
formulations. This presents a problem as the dispersions 

15 are very difficult to rehydrate with aqueous-based 

formulations. In addition, the standard of uniformity is 
extremely low, unlike the consistent uniformity exemplified 
by the ratio of the lipids of the present invention 
throughout the lipid composition. The time and ability to 

20 rehydrate conventional dispersions into a pharmaceutical^ 
acceptable preparation is severely limited. Oftentimes, 
lipid particles do not hydrate adequately and remain as 
undispersed, insoluble, pharmaceutically unacceptable 
formulations and the inability of the lipid particles to be 

25 sterile filtered through one or more 0.2 /xm filters. The 
lipid preparations of the prior art are not sufficiently 
dispersed and subsequently can not be filtered from the 
solution when the dispersion is filtered through a 0.22 /xm 
filter. The unfiltered moieties result in batch to batch 

30 variation of the ratio of lipids in the composition. The 

lipid dispersions are often processed to determine the total 
lipids ultimately dispersed into the formulations. This 
process is not acceptable because it often leads to 
formulations that are difficult to prepare and the resulting 

35 formulations are of unknown lipid quantity. In addition, 

the manufacturing process is inefficient and ineffective due 
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to the time and cost of the process. These and/or problems 
have been addressed in the present invention. 
Rrief- Description of the Prior Art 

Janoff et'ah, in U.S. Patent 4,880,635, published 
5 PCT application WO 86/01103, and published European Patent 
applications 0 562 641 Al and 0 562 424 Al f disclose 
dehydrated liposomes prepared by drying liposome 
preparations under reduced pressure in the presence of one 
or more protective sugars, such as disaccharides . The 
10 protective sugar may be omitted if the following conditions 
are met: the liposomes have multiple lipid layers; the 
dehydration is done without prior freezing, and the 
dehydration is performed to an end point which results in at 
least 12 moles water/mole lipid being retained in the 
15 preparation to maintain the integrity of the multiple lipid 
layers upon rehydration. 

Huang et al . , in U.S. Patent 4,927,571, disclose 
the encapsulation of doxorubicin in liposomes. The methods 
disclosed for liposome preparation by Huang et al . include 
20 1) thin film hydration such that a very thin dry film of 
lipids are prepared by drying and 2) a solvent injection, 
that produces a high concentration dispersion (greater than 
40 mM lipid) . 

Gamble, in U.S. Patent 4,753,788, disclose a 
25 method for preparing small lipid vesicles by 

microemulsif ication. A lipid and cholesterol are dissolved 
in chloroform and dried to form a thin film. The resulting 
film is dried in a vacuum and rehydrated. 

Schneider et al . , in Reexamined U.S. Patent Bl 
30 4,229,360, disclose a process for dehydration of liposomes 
for storage in a powder form such that the liposomes may be 
used at a later date. 

Hauser, in U.S. Patent 5,089,181, discloses a 
method of dehydrating unilamellar lipid vesicles by 
35 evaporating a vesicle -containing aqueous media in the 

presence of a preserving additive at a temperature of 60° C 
to 150° C. 


WO97/40858 


BCT/US97/059G8 


4 

Collins, in published PCT application WO 95/12387, 
discloses a method for encapsulating and delivering 
biologically active materials for drug delivery. The 
encapsulation method comprises one. or more cycles of 
5 freezing and thawing the liposomes and dehydrating the 
liposome dispersion to form a lipid powder. 

Accordingly, new and/or better lyophilized 
compositions and microspheres and methods for providing same 
are needed. The present invention is directed to this, as 
10 well as other, important ends. 

SUMMARY OF THE INVENTION 

In one embodiment, the present invention is 
directed to a microsphere filled with a fluorine-containing 
gas, comprising a blend of the lyophilized lipids 

15 dipalmitoylphosphatidylcholine (DPPC) , 

dipalmitoylphosphatidylethanolamine -polyethylene glycol 
(DPPE-PEG) , and dipalmitoylphosphatidic acid (DPPA) and a 
perf luorocarbon gas in an aqueous -based carrier. The lipids 
of the microsphere are preferably combined in a ratio of 

20 about 70 to about 90 mole % DPPC, about 5 to about 15 mole % 
DPPE-PEG, and about 5 to about 15 mole % DPPA. The combined 
concentration of the lipids dispersed in an aqueous -based 
pharmaceutical^ acceptable carrier is preferably about 0.1 
mg/ml to about 5 mg/ml, more preferably about 3 mg/ml , even 

25 more preferably about 1 mg/ml. Polyethylene glycol (PEG) 
useful in the lipid composition and microspheres of the 
present invention may have a molecular weight of about 4,000 
to about 200,000, more preferably about 1,000 to about 
20,000, even more preferably about 2,000 to about 8,000, and 

3 0 most preferably about 5,000. 

In a second embodiment, the present invention is 
directed to a lyophilized lipid composition. The lipid 
composition comprises a blend of the lipids 
dipalmitoylphosphatidylcholine , dipalmitoyl - 

35 phosphatidylethanolamine-polyethylene glycol, and 

dipalmitoylphosphatidic acid, in a ratio of about 70 to 
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about 90 mole %, about 5 to about 15 mole %, about 5 to 
about 15 mole %, respectively. The combined concentration 
of lipids is preferably about 20 mg/ml to about 50 mg/ml, 
more preferably about 40 mg/ml, more preferably about 30 
5 mg/ml, even more preferably about 25 mg/ml of. aqueous 
solution prior to lyophilization . 

The third embodiment of the present invention 
comprises a method of preparing a microsphere filled with a 
fluorine-containing gas comprising obtaining a lyophilized 
10 lipid composition comprising the lipids 
dipalmitoylphosphatidylcholine , 

dipalmitoylphosphatidylethanolamine-polyethylene glycol , and 
dipalmitoylphosphatidic acid, in a ratio of about 70 to 
about 90 mole percent, about 5 to about 15 mole percent, and 
15 about 5 to about 15 mole percent, respectively, wherein the 
combined concentration of lipids is about 20 mg/ml to about 
50 mg/ml of aqueous solution prior to lyophilizing; 
dispersing the lyophilized composition in an aqueous-based 
pharmaceutical^ acceptable carrier to a concentration of 

2 0 about 0.1 mg/ml to about 5 mg/ml to form an aqueous 

microsphere- forming solution; introducing a fluorine- 
containing gas into the aqueous microsphere -forming solution 
to form a fluorine-containing aqueous microsphere -forming 
solution; and shaking the aqueous microsphere- forming 
25 solution to form a fluorine-containing gas- filled 
microsphere. 

A fourth embodiment of the present invention is a 
method for preparing a lyophilized lipid composition 
comprising dispersing the lipids dipalmitoylphosphatidyl- 

3 0 choline, dipalmitoylphosphatidylethanolamine -polyethylene 

glycol, and dipalmitoylphosphatidic acid in a ratio of about 
70 to about 90 mole % DPPC, about 5 to about 15 mole % DPPE- 
PEG, and about 5 to about 15 mole % DPPA, in an aqueous 
carrier to a concentration of about 20 mg/ml to about 50 
3 5 mg/ml to form a lipid-containing aqueous solution; and 

lyophilizing the lipid-containing aqueous solution to form a 
lyophilized lipid composition such that the dipalmitoyl- 
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phosphatidylcholine, dipalmitoylphosphatidylethanolamine- 
polyethylene glycol, and dipalmitoylphosphatidic acid ratio 
of about 70 to about 90 mole %, about 5 to about 15 mole %, 
and about 5 to about 15 mole %, respectively, is uniform 
5 throughout the composition. 

These and other aspects of the invention will 
become more apparent from the following detailed 
description. 

BRIEF DESCRIPTION OF THE FIGURES 
10 FIGURE 1 displays high pressure liquid 

chromatography (HPLC) profile using a non-linear gradient. 
HPLC separations were performed with an ASTEC 5 pm spherical 
diol-bonded 250 x 4 . 6 mm steel analytical column (Advanced 
Separation Technologies, Inc., Whippany, New Jersey). The 
15 mobile phase for development consisted of a 

chloroform : methanol : 3 0% aqueous ammonia mixture (90:9:1.0, 
v:v:v) and an enrichment phase consisting of 
chloroform : methanol : water : 3 0% aqueous ammonia mixture 
(60:34:4.0:2.0, V:V:V:v) . 
20 FIGURE 2A is an HPLC profile of the lipid blend 

dispersed and lyophilized from the ethanol : cyclohexane 
mixture of Example 6. FIGURE 2B is an HPLC profile of the 
lipid blend dispersed and lyophilized from the aqueous blend 
of Example 6 . 

25 DETAILED DESCRIPTION OF THE INVENTION 

As employed above and throughout the disclosure, 

the following terms, unless otherwise indicated, shall be 

understood to have the following meanings. 

"Lyophilize" refers to the preparation of a lipid 
3 0 composition in dry form by rapid freezing and dehydration in 

the frozen state (sometimes referred to as sublimation) . 

Lyophilization takes place at a temperature which results in 

the crystallization of the lipids to form a lipid matrix. 

This process may take place under vacuum at a pressure 
35 sufficient to maintain frozen product with the ambient 
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temperature of the containing vessel at about room 
temperature, preferably less than about 500 mTorr, more 
preferably less than about 200 mTorr, even more preferably 
less than about 1 mTorr. Due to the small amount of lipids 
5 used to prepare the lipid composition of the present 

invention, lyophilization is not difficult to conduct. The 
lipid composition in the present invention is an improvement 
over conventional microsphere compositions because the 
amount of lipids are reduced in comparison to the prior art 
10 and the lipid composition is formulated to minimize loss due 
to filtration of large (> 0.22 /xm) particulate matter. The 
latter is particularly important with lipids having a net 
negative charge (i.e. phospatidic acid) because their 
solubility in aqueous-based diluents is marginal. 
IS "Reconstituting" refers to restoring the original 

composition by adding an aqueous carrier to the original 
parts. Thus, adding an aqueous carrier to the lyophilized 
82% DPPC:8% DPPE-PEG:10% DPPA (mole %) reconstitutes the 
original lipid blend. 
20 The lyophilized lipid composition produced in 

accordance with the methods of the present invention has a 
uniform ratio of lipids throughout the composition. Thus, 
the consistency of the ratio of lipids provides ease in 
reconstituting the composition in an aqueous-based 
25 pharmaceutical^ acceptable carrier. The ratio of 

dipalmitoylphosphatidylcholine, dipalmitoylphosphatidyl- 
ethanolamine -polyethylene glycol, and dipalmitoyl- 
phosphatidic acid of about 70 to about 90 mole percent, 
about 5 to about 15 mole percent, and about 5 to about 15 
30 mole percent, respectively, is the same in different parts 
of the lyophilized lipid composition. This typically 
insures consistent sampling throughout the lipid composition 
and results in microspheres which are similar, if not 
identical, in lipid composition, and thus have improved 
35 properties. In addition, the preferred lyophilized lipid 

composition is flocculent, having a flaky powder appearance. 
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The uniform ratio of lipids throughout the 
composition is due, it is believed, at least in part on the 
three step process of preparing a lyophilized lipid 
composition involving hydration of the lipid in an aqueous- 
5 based carrier thereby establishing the proper physical 

matrix for the blend, freezing of the matrix, and removing 
the water from the matrix by drying. 

Unexpectedly as a result of the uniform 
distribution of lipids in the composition and ease of 

10 reconstitution in an aqueous carrier, the gas-filled 

microspheres prepared in accordance with the methods of the 
present invention possess a number of surprising yet highly 
beneficial characteristics. For example, gas-filled 
microspheres are advantageous due to their biocompatibility 

15 and the ease with which lipophilic compounds can be made to 
cross cell membranes after the microspheres are ruptured. 
The microspheres of the invention also exhibit intense 
echogenicity on ultrasound, are highly stable to pressure, 
and/or generally possess a long storage life, either when 

20 stored dry or suspended in a liquid medium. The 

echogenicity of the microspheres is of importance to the 
diagnostic and therapeutic applications of the microspheres 
made according to the invention. The gas-filled 
microspheres also have the advantages, for example, of 

2 5 stable size, low toxicity and compliant membranes. It is 

believed that the flexible membranes of the gas-filled 
microspheres may be useful in aiding the accumulation or 
targeting of these microspheres to tissues such as the 
vasculature and tumors. 
30 The gas- filled microspheres made according to the 

present invention thus have superior characteristics for 
ultrasound contrast imaging. When inside an aqueous or 
tissue media, the gas -filled microsphere creates an 
interface for the enhanced absorption of sound. 

3 5 "Microsphere" refers to a spherical entity which 

is characterized by the presence of an internal void. 
Preferred microspheres are formulated from lipids, including 
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the various lipids described herein. In any given 
microsphere, the lipids may be in the form of a monolayer or 
bilayer, and the mono- or bilayer lipids may be used to form 
one or more mono- or bilayers. In the case of more than one 
5 mono- or bilayer, the mono- or bilayers are generally 

concentric. The microspheres described herein include such 
entities commonly referred to as liposomes, micelles, 
bubbles, microbubbles , vesicles, and the like. Thus, the 
lipids may be used to form a unilamellar microsphere 
10 (comprised of one monolayer or bilayer) , an oligolamellar 
microsphere (comprised of about two or about three 
monolayers or bilayers) or a multilamellar microsphere 
(comprised of more than about three monolayers or bilayers) . 
The internal void of the microsphere is filled with a 
15 fluorine-containing gas; a perf luorocarbon gas, more 
preferably perf luoropropane or perf luorobutane ; a 
hydrof luorocarbon gas; or sulfur hexaf luoride ; and may 
further contain a solid or liquid material, including, for 
example, a targeting ligand and/or a bioactive agent, as 
20 desired. 

"Liposome" refers to a generally spherical cluster 
or aggregate of amphipathic compounds, including lipid 
compounds, typically in the form of one or more concentric 
layers. Most preferably the gas-filled liposome is 

25 constructed of a single layer (i.e. unilamellar) or a single 
monolayer of lipid. While the preferred liposome 
composition comprises dipalmitoylphosphatidylcholine , 
dipalmitoylphosphatidylethanolamine -polyethylene glycol , and 
dipalmitoylphosphatidic acid in a ratio of about 70 to about 

3 0 90 mole percent, about 5 to about 15 mole percent, and about 
5 to about 15 mole percent, respectively, a wide variety of 
lipids may be used to fabricate the liposomes including 
phospholipids and non- ionic surfactants (e.g. niosomes) . 
Most preferably the lipids comprising the gas- filled 

35 liposomes are in the gel state at physiological temperature. 
The liposomes may be cross-linked or polymerized and may 
bear polymers such as polyethylene glycol on their surfaces. 


10 
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Targeting ligands directed to endothelial cells may be bound 
to the surface of the gas- filled liposomes. Most preferably 
the liposomes are substantially devoid of water in their 
interiors . 

5 The present invention is directed, inter alia, to 

a lyophilized lipid composition comprising the lipids 
dipalmitoylphosphatidyl choline, dipalmitoylphosphatidyl - 
ethanolamine -polyethylene glycol, and dipalmitoyl- 
phosphatidic acid in a ratio of about 70 to about 90 mole %, 
about 5 to about 15 mole %, and about 5 to about 15 mole %, 
respectively, wherein the combined concentration of lipids 
is about 20 mg/ml to about 50 mg/ml, more preferably about 
40 mg/ml, more preferably about 30 mg/ml, even more 
preferably about 25 mg/ml of aqueous solution prior to 
15 lyophilizing. 

Polyethylene glycol useful in the lipid 
composition and microspheres of the present invention may 
have a molecular weight of about 4,000 to about 200,000, 
more preferably about 1,000 to about 20,000, even more 
20 preferably about 2,000 to about 8,000, and most preferably 
about 5,000. 

A gas- filled microsphere is also an embodiment of 
the present invention, which microsphere comprises a blend 
of the lyophilized lipids dipalmitoylphosphatidylcholine , 

25 dipalmitoylphosphatidylethanolamine-polyethylene glycol, and 
dipalmitoylphosphatidic acid in a ratio of about 70 to about 
90 mole %, about 5 to about 15 mole %, and about 5 to about 
15 mole %, respectively, and perf luorocarbon in an aqueous - 
based pharmaceutical^ acceptable carrier. The combined 

30 concentration of lipids is about 0.1 mg/ml to about 5 mg/ml 
of the pharmaceutical ly acceptable carrier. The preferred 
perfluorocarbons are perf luoropropane and perf luorobutane . 

The present invention is also directed to a method 
of preparing the lyophilized lipid composition comprising 

3 5 dispersing the lipids dipalmitoylphosphatidylcholine, 

dipalmitoylphosphatidylethanolamine-polyethylene glycol, and 
dipalmitoylphosphatidic acid in a ratio of about 70 to about 
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90 mole %, about 5 to about 15 mole %, and about 5 to about 
15 mole %, respectively in an aqueous solution to a 
concentration of about 20 mg/ml to about 50 mg/tnl to form a 
lipid-containing aqueous solution; and lyophilizing the 
5 lipid-containing aqueous solution to form a lyophilized 
lipid composition such that the dipalmitoylphosphatidyl- 
choline, dipalmitoylphosphatidylethanolamine -polyethylene 
glycol, and dipalmitoylphosphatidic acid ratio of about 70 
to about 90 mole %, about 5 to about 15 mole %, and about 5 
10 to about 15 mole %, respectively, is uniform throughout the 
composition. 

The method of making a microsphere filled with a 
fluorine-containing gas is another embodiment of the present 
invention, which method comprises obtaining a lyophilized 
15 lipid composition comprising the lipids 
dipalmitoylphosphatidylcholine, 

dipalmitoylphosphatidylethanolamine -polyethylene glycol , and 
dipalmitoylphosphatidic acid, in a ratio of about 70 to 
about 9 0 mole percent, about 5 to about 15 mole percent, and 

20 about 5 to about 15 mole percent, respectively, wherein the 
combined concentration of lipids is about 20 mg/ml to about 
50 mg/ml of aqueous solution prior to lyophilizing; 
dispersing the lyophilized composition in an aqueous-based 
pharmaceutically acceptable carrier to a concentration of 

25 about 0,1 mg/ml to about 5 mg/ml to form an aqueous 
microsphere -forming solution; introducing fluorine- 
containing gas into the aqueous microsphere -forming solution 
to form a fluorine-containing gas aqueous microsphere - 
forming solution; and shaking the aqueous microsphere - 

30 forming solution to form a fluorine -containing gas-filled 
microsphere . 

An alternative method for preparing a microsphere 
filled with fluorine-containing gas of the present invention 
comprises reconstituting the lipids dipalmitoyl- 
35 phosphatidylcholine, dipalmitoylphosphat idylethanolamine- 
polyethylene glycol, and dipalmitoylphosphatidic acid in a 
ratio of about 70 to about 90 mole %, about 5 to about 15 
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mole %,"and about 5 to about 15 mole %, respectively, in an 
aqueous solution to a concentration of about 20 mg/ml to 
about 50 mg/ml to form a lipid-containing aqueous solution; 

lyophilizing the lipid-containing aqueous solution 
5 to form a lyophilized composition such that the 

dipalmitoyiphosphatidylcholine, dipalmitoylphosphatidyl - 
ethanolamine -polyethylene glycol, and dipalmitoyl- 
phosphatidic acid ratio of about 70 to about 90 mole %, 
about 5 to about 15 mole %, and about 5 to about 15 mole %, 

10 respectively, is uniform throughout the composition; 
dispersing the lyophilized composition in an aqueous 
pharmaceutically acceptable carrier to a concentration of 
about 0 . 1 mg/ml to about 5 mg/ml to form an aqueous 
microsphere- forming solution; introducing a fluorine- 

15 containing gas into the aqueous microsphere -forming 
solution; and shaking the aqueous microsphere- forming 
solution to form a fluorine-containing gas- filled 
microsphere. 

The aqueous carrier of the lipid composition may 

20 be water, buffer, normal saline, physiological saline, and 
the like, as well as other aqueous carriers readily apparent 
to those skilled in the art. The pharmaceutically 
acceptable aqueous-based carrier of the microsphere solution 
may be water, buffer, normal saline, physiological saline, a 

25 mixture of water, glycerol, and propylene glycol or a 

mixture of saline, glycerol, and propylene glycol where the 
components of the mixtures are in a ratio of 8:1:1 or 9:1:1, 
v:v:v, a mixture of saline and propylene glycol in a ratio 
of 9:1, v:v, and the like. 

30 In still further embodiments, the present 

invention comprises novel methods of making the gas-filled 
microspheres, which methods include those set forth above 
and may further comprise filtering the aqueous microsphere- 
forming solution, extruding the aqueous microsphere -forming 

35 solution through at least one filter of a selected pore 
size, where the pore size may be smaller than 10 /zm, 
preferably about 0.22 tim. In yet another embodiment, the 
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aqueous microsphere -forming solution may be heated. The 
methods of making a gas-filled microsphere include placing a 
vessel containing the aqueous microsphere- forming solution 
in a chamber, which chamber may be pressurized, introducing 
5 perf luorocarbon into said chamber such that the head space 
of the vessel is filled with perf luorocarbon, and shaking 
the vessel to form perf luorocarbon-containing microsphere. 

The preferred method for preparing the lipid 
composition comprises dispersing the lipids 
10 dipalmitoylphosphatidylcholine, dipalmitoylphosphatidyl- 
ethanolamine-polyethylene glycol, and dipalmitoyl- 
phosphatidic acid in a ratio of about 82 mole %, about 8 
mole %, and about 10 mole %, respectively, in an aqueous 
solution to a concentration of about 25 mg/ml to form a 
15 lipid-containing aqueous solution; and lyophilizing the 
lipid-containing aqueous solution to form a lyophilized 
lipid composition such that the dipalmitoylphosphatidyl- 
choline, dipalmitoylphosphatidylethanolamine-polyethylene 
glycol, and dipalmitoylphosphatidic acid ratio of about 82 
20 mole %, about 8 mole %, and about 10 mole %, respectively, 
is uniform throughout the composition. 

Preferred methods for preparing the gas-filled 
microspheres comprise dispersing the lipids dipalmitoyl- 
phosphatidylcholine , dipalmi toylphosphat idyle t hanolamine - 
25 polyethylene glycol, and dipalmitoylphosphatidic acid in a 
ratio of about 82 mole %, about 8 mole %, and about 10 mole 
%, respectively, in an aqueous solution to a concentration 
of about 25 mg/ml to form a lipid-containing aqueous 
solution; lyophilizing the lipid-containing aqueous solution 
30 to form a lyophilized lipid composition such that the 

dipalmitoylphosphatidylcholine, dipalmitoylphosphatidyl- 
ethanolamine-polyethylene glycol, and dipalmitoyl- 
phosphatidic acid ratio of about 82 mole %, about 8 mole %, 
and about 10 mole %, respectively, is uniform throughout the 
35 composition; dispersing the composition in an aqueous-based 
pharmaceutical^ acceptable carrier to a concentration of 
about 1 mg/ml to form an aqueous microsphere -forming 
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solution in a vessel; filtering the aqueous microsphere- 
forming solution through a sterile filter having pores of 
about 0.22 jnn; optionally heating the aqueous microsphere- 
forming solution; dispersing the aqueous microsphere- forming 
5 solution into at least one vessel, placing the vessel into a 
pressurized chamber and evacuating the chamber; introducing 
a fluorine -containing gas into the chamber such that the 
head space of the vessel is filled with a fluorine- 
containing gas, and shaking the vessel. Preferably, the 
10 vessel is shaken at a temperature below the gel to liquid 
crystalline phase transition temperature of the lipid to 
form a fluorine-containing gas-filled microsphere. 

Lvophilized Lipid Composition 

The lyophilized lipid composition of the 

15 particularly preferred embodiments of the present invention 
comprises three components: (1) dipalmitoylphosphat idyl - 
choline, a neutral (e.g., nonionic or zwitterionic) lipid, 
(2) dipalmitoylphosphatidylethanolamine-polyethylene glycol , 
a lipid bearing a hydrophilic polymer, and (3) 

20 dipalmitoylphosphatidic acid, a negatively charged lipid. 
Preferably, the amount of the negatively charged lipid will 
be greater than 1 mole percent of total lipid present, and 
the amount of lipid bearing a hydrophilic polymer will be 
greater than 1 mole percent of total lipid present. 

25 The process of using two or more lipids may be 

quite advantageous, especially when using a lipid that is 
not soluble in aqueous-based carriers by itself. Water 
insoluble lipids such as phosphatidic acid can be made to 
disperse more easily in aqueous -based carriers when they are 

3 0 first prepared in combination with another lipid (or lipids) 
by the aqueous dispersion, lyophilization method of the 
present invention. 

It has also been found advantageous to achieving 
the stabilized microspheres of the present invention that 

35 they preferably be prepared at a temperature below the gel 
to liquid crystalline phase transition temperature of a 
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lipid used as the stabilizing compound, and this such 
preparation is preferred. This phase transition temperature 
is the temperature at which a lipid bilayer will convert 
from a gel state to a liquid crystalline state. See, for 
5 example, Chapman et al . , J. Biol. Chem. 1974 249, 2512-2521. 

It is believed that, generally, the higher the gel 
state to liquid crystalline state phase transition 
temperature, the more impermeable the gas-filled 
microspheres are at any given temperature. See Derek Marsh, 
10 CRC Handbook of Lipid Bilayers (CRC Press, Boca Raton, FL 
1990), at p. 139 for main chain melting transitions of 
saturated diacyl-sn-glycero-3-phosphocholines . The gel 
state to liquid crystalline state phase transition 
temperatures of various lipids will be readily apparent to 
15 those skilled in the art and are described, for example, in 
Gregoriadis, ed. , Liposome Technology, Vol. I, 1-18 (CRC 

Press, 1984) . 

A small amount, i.e., about 1 to about 15 mole 
percent of the total lipid, of the negatively charged lipid 
20 dipalmitoylphosphatidic acid from which the gas-filled 

microspheres are to be formed, lends enhanced stability to 
the microspheres of the present invention. The negatively 
charged lipid, dipalmitoylphosphatidic acid, may provide 
added stability by counteracting the tendency of the 
25 microspheres to rupture by fusing together, i.e., the 
negatively charged lipids tend to establish a uniform 
negatively charged layer on the outer surface of the 
microsphere, which will be repulsed by a similarly charged 
outer layer on the other microspheres. In this way, the 
30 microspheres will tend to be prevented from coming into 

touching proximity with each other, which would often lead 
to a rupture of the membrane or skin of the respective 
microspheres and consolidation of the contacting 
microspheres into a- single, larger microsphere. A 
35 continuation of this process of consolidation will, of 

course, lead to significant degradation of the microspheres. 


10 
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Lipids which may be used to prepare the gas-filled 
microspheres used in the present invention include but are 
not limited to lipids such as dipalmitoylphosphat idyl choline 
(DPPC) , dipalmitoylphosphatidylethanolamine-poiyethylene 
5 glycol (DPPE-PEG) , and dipalmitoylphosphatidic acid (DPPA) . 
The above -identified lipids are in a ratio of about 70 to 
about 90 mole percent, about 5 to about 15 mole percent, and 
about 5 to about 15 mole percent, respectively, more 
preferably about 80 to about 85 mole percent, about 5 to 
about 10 mole percent, and about 5 to about 10 mole percent, 
respectively, and most preferably about 82 mole percent, 
about 8 mole percent, and about 10 mole percent, 
respectively. The ratio of lipids in the lipid composition 
and microsphere of the present invention is consistent 
15 throughout the composition and microsphere. 

The total concentration of lipids in the 
lyophilized lipid composition is about 20 to about 50 mg/ml , 
more preferably about 30 mg/ml even more preferably about 2 5 
mg/ml. Significantly, the lipid concentration results in a 
20 mixture or blend of lipids. For purposes of the present 

invention a lyophilized lipid composition preferably have at 
least about 50% dispersed lipids, preferably at least about 
60% dispersed lipids, more preferably at least about 70% 
dispersed lipids, even more preferably at least about 80% 
25 dispersed lipids, and most preferably at least about 90% 
dispersed lipids. Once prepared, the lyophilized lipid 
composition of the present invention is then useful in 
preparing gas- filled microspheres. The concentration of 
lipids in the microsphere is about 0.1 to about 2 mg/ml, and 
30 even more preferably about 1 mg/ml. Importantly, the lipid 
concentration in the microsphere preparation permits the 
formation of gas-filled microspheres and is substantially 
devoid of liquid-filled microspheres. Substantially devoid 
of liquid- filled microspheres for purposes of the present 
3 5 invention refers a microsphere composition having at least 
50% gas-filled microspheres, preferably at least about 60% 
gas-filled microspheres, more preferably at least about 70% 
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gas-filled microspheres, even more preferably at least about 
80% gas- filled microspheres and most preferably at least 
about 90% gas-filled microspheres. 

A particularly desired component of the stabilized 
5 gas-filled microspheres is an aqueous environment of some 
kind, which induces the lipid, because of its 
hydrophobic/hydrophilic nature, to form microspheres, the 
most stable configuration which it can achieve in such an 
environment. The carriers or diluents which can be employed 
10 to create such an aqueous environment include, but are not 
limited to water, either deionized or containing any number 
of dissolved salts, etc., which will not interfere with 
creation and maintenance of the microspheres or their use; 
and normal saline and physiological saline, and the like. 
15 The concentration of lipids to aqueous carrier in the lipid 
composition prior to lyophilizing is about 2 0 to about 50 
mg/ml, more preferably about 25 mg/ml. 

Preferred embodiments of the lyophilized lipid 
composition contemplated by the present invention would 
20 include dipalmitoylphophatidylcholine (DPPC) , 

dipalmitoylphosphatidylethanolamine -polyethylene glycol -500 0 
(DPPE-PEG5000) , and dipalmitoylphosphatidic acid (DPPA) . 
These compositions in a 82:8:10 ratio of mole percentages, 
respectively, are most preferred. The DPPC component is 
25 effectively neutral, since the phosphatidyl portion is 
negatively charged and the choline portion is positively 
charged. The second component, DPPE-PEG in the 
concentration range of the ultimate gas -filled microsphere, 
provides a polyethylene glycol bound to the lipid by the 
3 0 DPPE moiety, with the PEG moiety free to surround the 

resulting microsphere membrane or skin, and thereby form a 
physical barrier to various enzymatic and other endogenous 
agents in the body whose function is to degrade such foreign 
materials. The DPPE-PEG provides more microspheres of a 
35 smaller size, upon rehydration of the lipid composition, 
which are safe and stable to pressure when combined with 
other lipids such as DPPC and DPPA in the given ratios. It 
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is also theorized that PEG is able to defeat the action of 
the macrophages of the human immune system, which would 
otherwise tend to surround and remove the foreign object 
The result is an increase in the time during which the 
5 microspheres can function as diagnostic imaging contrast 
media. The DPPA component, which is negatively charged is 
added to enhance stabilization in accordance with the 
mechanism described further above regarding negatively 
charged lipids as an additional agent. 

10 Gas-Fill ed MirrnRp hBr-c 

The microspheres of the invention encapsulate a 
gas. The term. "gas-filled", as used herein, means that the 
microspheres to which the present invention is directed 
have an interior volume that is comprised of at least about 
15 10% gas, preferably at least about 25% gas, more preferably 
at least about 50% g as , even more preferably at least about 
75% gas, and most preferably at least about 90%. m use 
where the presence of gas is important, it is preferred that 
the interior microsphere volume comprise at least about 10% 
20 gas, preferably at least about 25%, 50%, 75%, and most 
preferably at least about 90% gas. 

In particular, fluorine -containing gases including 
perfluorocarbons, hydrof luorocarbons, and sulfur 
hexafluoride have been found to be suitable for use in the 
25 gas-filled microspheres of the present invention. Suitable 
perfluorocarbons include, for example, perf luorobutane, 
perfluorocyclobutane, perf luoromethane, perf luoroethane 
perfluoropropane, perf luoropentane, perf luorohexane, most 
preferably perfluoropropane. Suitable hydrof luorocarbons 
30 xnclude 1,1.1,2,3,3,3 heptaf luoropropane and 1,1,2,2,3,3,3 
heptafluoropropane. Also preferred are a mixture of 
different types of gases, such as a perf luorocarbon gas and 
another type of gas such as air, oxygen, and the like. 
Indeed, it is believed that a combination of gases may be 
35 particularly useful in diagnostic imaging applications. 
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The perf luorocarbon gases are biocompatible gases . 
By "biocompatible" is meant a gas which, when introduced 
into the tissues of a human patient, will not result in any 
degree of unacceptable toxicity, including allergenic 
5 responses and disease states, and preferably are inert. 
Such a gas should also be suitable for making gas-filled 
microspheres, as described herein. 

Stabilizing compounds described in U.S. Patent 
application no. 160,232 and 159,687 may be employed. The 
10 size of the microspheres can thereby be adjusted for the 

particular intended diagnostic imaging end use. The size of 
the microspheres is preferably about 30 nanometers to about 
100 microns in diameter, more preferably between 100 
nanometers to about 10 microns in diameter, even more 
15 preferably 200 nanometers to about 7 microns in diameter. 
For particular uses, magnetic resonance imaging of the 
vasculature, for example, may require microspheres that are 
no larger that about 3 0fi in diameter, and that are 
preferably smaller, e.g., no larger than about 12m in 
20 diameter. The size of the gas-filled microspheres can be 
adjusted, if desired, by a variety of procedures including 
microemulsification, vortexing, extrusion, filtration, 
sonication, homogenization, repeated freezing and thawing 
cycles, extrusion under pressure through pores of defined 
25 size, and similar methods. 

For intravascular use the microspheres are 
generally under 30/x in mean diameter, and are preferably 
under about 12/x in mean diameter. For targeted 
intravascular use, e.g., to bind to a certain tissue such as 
3 0 endothelial tissue, the microspheres can be appreciably 
under a micron, even under 100 nm diameter. 

Methods of Preparation 

The lyophilized lipid composition and gas-filled 
microspheres of the present invention may be prepared by a 
3 5 number of suitable methods. These are described below 
separately for each case. 
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The lyophilized lipid composition of the present 
invention is prepared by a method comprising dispersing 
lipids in an aqueous-based solution, and lyophilizing the 
lipid-containing aqueous-based solution to form a 
5 composition such that the ratio of lipids in the lipid 
composition is consistent throughout the composition. 

The first step in the process of making the 
lyophilized lipid composition is dispersing or dissolving 
the lipids in an aqueous-based solution or suspension. The 

10 lipids dipalmitoylphosphatidylcholine, 

dipalmitoylphosphatidyl -ethanolamine-polyethylene glycol , 
and dipalmitoyl-phosphatidic acid are added to an aqueous- 
based solution such as water, physiological saline, normal 
saline, and the like. The total lipid concentration in the 

15 aqueous-based solution is about 20 mg/ml to about 30 mg/ml, 
more preferably about 25 mg/ml. 

The step of lyophilizing the aqueous-based lipid 
solution includes freezing and dehydration. The sample is 
frozen and dehydrated at a temperature of from about -50°C 

20 to about 25°C, preferably from about -20°C to about 25°C / 
even more preferably from about 10°C to about 25°C. This 
temperature range includes and is not limited to placing the 
lipid solution on dry ice and in liquid nitrogen. The 
lyophilization preferably takes place under vacuum, at a 

25 pressure sufficient to maintain frozen product with the 

ambient temperature of the containing vessel at about room 
temperature, preferably less than about 1 mTorr. 

For large preparations of lipid compositions, such 
as about two liters at a concentration of about 25 mg/ml, 

30 the lyophilization step takes about 16 hours to about 72 
hours, more preferably about 24 hours to about 96 hours, 
even more preferably about 16 hours to about 24 hours to 
complete. As a result of lyophilization, the composition is 
easy to redisperse in another aqueous carrier, such as a 

35 pharmaceutically acceptable carrier. Lyophilization also 
contributes, in whole or in part, to the consistency of the 
ratio of lipids throughout the composition. The ratio of 
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about 70 to about 90 mole % dipalmitoylphosphatidylcholine , 
about 5 to about 15 mole % 

dipalmitoylphosphatidylethanolamine-polyethylene glycol , and 
about 5 to about 15 mole % dipalmitoylphosphat idic acid is 
5 distributed uniformly across the resulting lipid 
composition. 

While not intending to be bound by any particular 
theory of operation, the present invention is believed to 
rely, at least in part, on the three step process of 
10 preparing a lyophilized lipid composition involving 

hydration of the lipid in an aqueous-based carrier thereby 
establishing the proper physical matrix for the blend, 
freezing of the matrix, and removing the water from the 
matrix by drying. The resultant lipid composition may be 
15 stored in the dry form and/or may then be dispersed in 

aqueous-based carrier, such as formulations for diagnostic 
and pharmaceutical use. 

The preferred embodiment of the composition of the 
present invention is a flocculent powder of lyophilized 
20 lipids. For purposes of the present invention "flocculent" 
refers to a fluffy or flaky appearance of the lipid 
composition. The flocculent form is preferred because its 
ease of reconsititution and in the preparation of the gas- 
filled microspheres of the invention. The resulting 
25 lyophilized composition may be reconstituted by rehydrating 
the composition in an aqueous-based carrier, such as a 
pharmaceutically acceptable vehicle. A pharmaceutical^ 
acceptable carrier or vehicle is an aqueous-based carrier or 
vehicle which provides no toxic side effects when 
3 0 administered in the proper dose range. Alternatively, the 
lyophilized composition may be retained in a dry form, such 
as a powder. The shelf life of the dry form is about one 
years to about two years. 

In the preparation of a gas-filled microsphere of 
35 the present invention, the lyophilized lipid composition is 
first prepared in accordance with the methods set forth 
herein. The lyophilized lipid composition is rehydrated or 


WO97/40858 FCT/US97/05908- 

22 

dispersed in a pharmaceutical^ acceptable aqueous carrier 
to form an aqueous microsphere -forming solution, a fluorine- 
containing gas is introduced into said aqueous microsphere - 
forming solution, and the solution is agitated. 
5 The lyophilized lipid composition is easily 

dispersed into the pharmaceutical^ acceptable carrier in 
view of the uniform distribution of the lipid ratio 
throughout the composition. Pharmaceutical^ acceptable 
carriers include and are not limited to water, saline, a 
10 mixture of water : propylene glycol : glycerol or a mixture of 
saline propylene glycol : glycerol , wherein the mixtures are 
preferably in a ratio of about 9:1:1 <v:v:v), or more 
preferably about 8:1:1 (v:v:v) , saline : propylene glycol in a 
ratio of about 9:1 <v:v), and saline : glycerol 9:1 (v:v) , and 
15 the like. Propylene glycol may facilitate dispersion or 
dissolution of the lipids. The propylene glycol may also 
function as a thickening agent which improves microsphere 
formation and stabilization by altering the surface tension 
on the microsphere membrane or skin. It is possible that 
20 the propylene glycol further functions as an additional 
layer that coats the membrane or skin of the microsphere, 
thus providing additional stabilization. 

Thus, the rehydrated lipid composition, now an 
aqueous microsphere -forming solution, comprises dipalmitoyl- 
25 phosphatidylcholine, dipalmitoylphosphatidylethanolamine- 
polyethylene glycol, and dipalmitoylphosphatidic acid in a 
ratio of about 70 to about 9 0 mole %, about 5 to about 15 
mole %, and about 5 to about 15 mole %, respectively. The 
concentration of the lipid composition in the 
3 0 pharmaceutical ly acceptable carrier, however, is now about 
0.1 mg/ml to about 5 mg/ml, more preferably about 3.0 mg/ml, 
and more preferably about 1.0 mg/ml. 

The next step is introduction of the fluorine - 
containing gas into the aqueous microsphere -forming solution 
35 to form a fluorine-containing gas aqueous microsphere- 
forming solution. Most preferably the liposomes are 
substantially devoid of water in their interiors. 
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Substantially devoid of water in their interiors refers to 
microspheres to which the present invention is directed, 
having an interior volume that is comprised of at least 
about 10% gas, preferably at least about 25% gas, more 
5 preferably at least about 50% gas, even more preferably at 
least about 75% gas, and most preferably at least about 90% 
gas. In use, where the presence of gas is important, it is 
preferred that the interior microsphere volume comprise at 
least about 10% gas, preferably at least about 25%, 50%, 
10 75%, and most preferably at least about 90% gas. 

In the preferred embodiment, the fluorine- 
containing gas, preferably a perf luorocarbon gas, more 
preferably perf luoropropane or perf luorobutane , displaces 
the air in the head space above the aqueous microsphere - 
15 forming solution as to form gas- filled microspheres which 
entrap the perf luorocarbon gas, ambient gas (e.g., air), or 
coentrap perf luorocarbon gas and ambient air, upon shaking. 

The perf luorocarbon- containing aqueous 
microsphere -forming solution is then agitated to form a gas- 
20 filled microsphere. A preferred embodiment comprises the 
steps of agitating an aqueous solution comprising the 
lyophilized lipid composition, in the presence of 
perf luorocarbon at a temperature below the gel to liquid 
crystalline phase transition temperature of the lipid to 
25 form the gas -filled microsphere of the present invention. 

The terms agitation, shaking, and variations 
thereof, as used herein, means any motion that agitates an 
aqueous solution such that gas is introduced from the local 
ambient environment into the aqueous solution. The shaking 
30 must be of sufficient force to result in the formation of 
microspheres. The shaking may be by swirling, such as by 
vortexing, side- to- side, or up-and-down motion. Different 
types of motion may be combined. Also, the shaking may 
occur by shaking the container holding the aqueous lipid 
3 5 solution, or by shaking the aqueous solution within the 
container without shaking the container itself. 
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Further, the shaking may occur manually or by 
machine. Mechanical shakers that may be used include, for 
example, a shaker table such as a VWR Scientific (Cerritos, 
CA) shaker table, a WIG-L-BUG" Shaker from Crescent Dental 
5 Mfg. Ltd., Lyons, 111., an ESPE Capmix", (Seef eld-Oberweis , 
Germany) and DeGussa Mix-o-Mat (Frankfurt, Germany) . It is 
a preferred embodiment of the present invention that certain 
modes of shaking or vortexing be used to make stable 
microspheres within a preferred size range. Shaking is 
preferred, and it is preferred that this shaking be carried 
out using the ESPE Capmix" mechanical shaker. In accordance 
with this preferred method, it is preferred that a 
reciprocating motion be utilized to generate the gas-filled 
microspheres. It is a preferred embodiment of the present 
15 invention that the number of reciprocations, i.e., full 
cycle oscillations, be within the range of about 1000 and 
about 20,000 per minute. More preferably, the number of 
reciprocations or oscillations will be between 2500 and 
8000. Even more preferably, the number of reciprocations or 
20 oscillations of the WIG-L-BUG" is greater than 2600. The 
WIG-L-BUG", referred to above, is a mechanical shaker which 
provides 6000 oscillations every minute. Of course, the 
number of oscillations is dependent upon the mass of the 
contents being agitated, (with the larger the mass, the 
25 fewer the number of oscillations). The ESPE Capmix" provides 
about 4300 reciprocations per minute (RPM) . Another means 
for producing shaking includes the action of gas emitted 
under high velocity or pressure. 

It will also be understood that preferably, with a 
30 larger volume of aqueous solution, the total amount of force 
will be correspondingly increased. Vigorous shaking is 
defined as at least about 60 shaking motions per minute, and 
is preferred. Vortexing at least 60-300 revolutions per 
minute is more preferred. Vortexing at 300-1800 revolutions 
35 per minute is most preferred. The formation of gas- filled 
microspheres upon shaking can be detected visually. The 
concentration of lipid required to form a desired stabilized 
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microsphere level will vary depending upon the type of 
lipids used, and may be readily determined by routine 
experimentation. For example, in preferred embodiments, the 
concentration of the blend of lyophilized lipids used to 
5 form stabilized microspheres according to the methods of the 
present invention is about 0.1 mg/ml to about 5 mg/ml of 
saline solution, more preferably from about 1 mg/ml to about 
3 mg/ml of saline solution, and most preferably from about 1 
mg/ml of saline solution. 

10 The size of gas-filled microspheres can be 

adjusted, if desired, by a variety of procedures including 
microemulsif ication, vortexing, extrusion, filtration, 
sonication, homogenization, repeated freezing and thawing 
cycles, extrusion under pressure through pores of defined 

15 size, and similar methods. It may also be desirable to use 
the microspheres of the present invention as they are 
formed, without any attempt at further modification of the 
size thereof. 

Additional optional steps may be incorporated into 

20 the method of making a gas-filled microsphere in accordance 
with the present invention. The additional steps include 
heating and filtering which may be for sterilization or 
sizing. These steps may be performed at various stages of 
the method, preferably, but not limited to, prior to the 

25 formation of an aqueous microsphere- forming solution and 
following shaking the gas-containing aqueous microsphere- 
forming solution. 

The gas-filled microspheres may be sized by a 
simple process of extrusion through filters; the filter pore 

30 sizes control the size distribution of the resulting gas- 
filled microspheres. By using two or more cascaded, i.e., a 
stacked set of filters, e.g., IOjx followed by 8/i, the gas- 
filled microspheres have a very narrow size distribution 
centered around 7 -* 9 jim. After filtration, these 

35 stabilized gas-filled microspheres remain stable for over 24 
hours . 
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The sizing or filtration step optionally may be 
accomplished by the use of a filter assembly when the 
suspension is removed from a sterile vial prior to use, or 
even more preferably, the filter assembly may be 
5 incorporated into a syringe during use. The method of 

sizing the microspheres will then comprise using a syringe 
comprising a barrel, at least one filter, and a needle; and 
will be carried out by a step of extracting which comprises 
extruding said microspheres from said barrel through said 

10 filter fitted to said syringe between said barrel and said 
needle, thereby sizing said microspheres before they are 
administered to a patient in the course of using the 
microspheres as ultrasound contrast agents in accordance 
with the present invention. The step of extracting may also 

15 comprise drawing said microspheres into said syringe, where 
the filter will function in the same way to size the 
microspheres upon entrance into the syringe. Another 
alternative is to fill such a syringe with microspheres 
which have already been sized by some other means, in which 

20 case the filter now functions to ensure that only 

microspheres within the desired size range, or of the 
desired maximum size, are subsequently administered by 
extrusion from the syringe. The syringe may then administer 
sized microspheres directly to a patient, or may disperse 

2 5 the microspheres into a vessel. 

Typical of the devices which can be used for 
carrying out the sizing or filtration step, is the syringe 
and filter combination shown in Figure 2 of U.S. Serial No. 
08/401,974, filed March 9, 1995, the disclosure of which is 

3 0 hereby incorporated by reference in its entirety. 

The stabilizing compound solution or suspension 
may be extruded through a filter. Optionally the said 
solution or suspension may be heat sterilized prior to 
shaking. Heating may also assist in dispersing the lipids 
3 5 in the carrier. The step of heating in the method of making 
gas- filled microspheres of the present invention, while 
preferred, is optional. Once gas-filled microspheres are 


WO 97/40858 


PCT/US97y©5908 


27 

formed, they may be filtered for sizing as described above. 
These steps prior to the formation of gas- filled 
microspheres provide the advantages, for example, of 
reducing the amount of unhydrated stabilizing compound, and 
5 thus providing a significantly higher yield of gas- filled 
microspheres, as well as and providing sterile gas- filled 
microspheres ready for administration to a patient. For 
example, a mixing vessel such as a vial or syringe may be 
filled with a perf luorocarbon-containing microsphere 

10 suspension, and the suspension may then be sterilized within 
the mixing vessel, for example, by autoclaving. Gas may be 
instilled into the lipid suspension to form gas-filled 
microspheres by shaking the sterile vessel. Preferably, the 
sterile vessel is equipped with a filter positioned such 

15 that the gas-filled microspheres pass through the filter 
before contacting a patient. 

Extruding the solution through a filter, decreases 
the amount of unhydrated compound by breaking up the dried 
compound and exposing a greater surface area for hydration. 

20 Preferably, the filter has a pore size of . about 0.1 to about 
5 /xm, more preferably, about 0.1 to about 4 ptm, even more 
preferably, about 0.1 to about 2 jim, and most preferably, 
about 1 jxm. Unhydrated compound appears as amorphous clumps 
of non-uniform size and is undesirable. 

25 Sterilization, provides a composition that may be 

readily administered to a patient for ultrasound. 
Preferably, sterilization is accomplished by filtration. 
Optionally, heat sterilization may take place by autoclaving 
the solution at a temperature of at least about 100°C, and 

30 more preferably, by autoclaving at about 100°C to about 
130°C, even more preferably, about 110°C to about 13 0°C, 
even more preferably, about 120°C to about 130°C, and most 
preferably, about 130°C. Preferably, heating occurs for at 
least about 1 minute, more preferably, about 1 to about 30 

35 minutes, even more preferably, about 10 to about 20 minutes, 
and most preferably, about 15 minutes. 
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Where sterilization occurs by a process other than 
heat sterilization at a temperature which would cause 
rupture of the gas-filled microspheres, sterilization may 
occur subsequent to the formation of the gas- filled 
5 microspheres. For example, gamma radiation may be used 
before and/or after gas-filled microspheres are formed. 

In addition, the fluorine-containing gas may be 
introduced into the aqueous microsphere- forming solution 
placing a vessel containing the aqueous microsphere- forming 

10 solution in a chamber and introducing perf luorocarbon gas. 
The vessel is subsequently shaken to form a fluorine- 
containing gas- filled microsphere. Alternatively, the 
vessel containing the aqueous microsphere -forming solution 
may be placed. in a pressurized chamber, the chamber 

15 evacuated of gas and filled with a fluorine -containing gas 
such that the head space of the vessel is filled with a 
fluorine-containing gas. Again, the vessel may be shaken to 
form a fluorine-containing gas-filled microsphere. These 
steps may be performed without placing the vessel in a 

20 chamber as well. Instead, the vessel containing the aqueous 
microsphere -forming solution may be filled with a fluorine- 
containing gas to accommodate the head space, followed by 
shaking the vessel. The preferred fluorine -containing gases 
are perf luorocarbon gases, more preferably perf luoropropane 

25 and perf luorobutane . 

Methods of Use 

The novel lyophilized lipid composition is useful 
in the preparation of the novel gas -filled microspheres of 
the present invention. 
30 The novel gas-filled microspheres, useful as 

contrast media in diagnostic imaging, will be found to be 
suitable for use in all areas where diagnostic imaging is 
employed. 

In accordance with the present invention there is 
35 provided a method of imaging a patient generally, and/or in 
specifically diagnosing the presence of diseased tissue in a 
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patient. The imaging process of the present invention may 
be carried out by administering a contrast medium comprising 
the gas- filled microspheres of the invention to a patient, 
and then scanning the patient using magnetic resonance • 
5 imaging, for example, to obtain visible images of an 

internal region of a patient and/or of any diseased tissue 
in that region. By region of a patient, it is meant the 
whole patient or a particular area or portion of the 
patient. In addition, the present invention provides a 
10 method of diagnosing the presence of diseased tissue in a 
patient . 

As one skilled in the art would recognize, 
administration of the stabilized gas- filled microspheres 
used in the present invention may be carried out in various 

15 fashions, such as intravascularly , orally, rectally, etc., 
using a variety of dosage forms. When the region to be 
scanned is the cardiovascular region, for example, 
administration of the contrast medium comprising the gas- 
filled microspheres of the invention is preferably carried 

20 out intravascularly. When the region to be scanned is the 
gastrointestinal region, for example, administration of the 
contrast medium of the invention is preferably carried out 
orally or rectally. The useful dosage to be administered 
and the particular mode of administration will vary 

25 depending upon the age, weight and the particular mammal and 
region thereof to be scanned, and the particular contrast 
medium of the invention to be employed. Typically, dosage 
is initiated at lower levels and increased until the desired 
contrast enhancement is achieved. Various combinations of 

30 the stabilized gas-filled microspheres may be used to modify 
the relaxation behavior of the medium or to alter properties 
such as the viscosity, osmolarity or palatability (in the 
case of orally administered materials) . 

The invention is further demonstrated in the 

3 5 following actual Examples I - VII. The examples, however, 
are not intended to in any way limit the scope of the 
present invention. 


EXAMPLES 

Example 1: Demonstration of The Lipid Preparation Method 


Sixty grams of dipalmitoylphosphatidylcholine 
(DPPC) was dispersed in sterile water U.S. P. to a final 
concentration of 25 mg/ml . The lipid was then heated to 
45°C for ten minutes followed by equilibration back to room 
temperature. The resultant dispersion was then lyophilized 
by freezing over an isopropanol/C0 2 bath or an acetone/C0 2 
bath and drying on a Virtis Lyophilizer until the product 
appeared dry and flocculent in appearance. The dried 
flocculent product was then added to a pharmaceutical 
preparation comprised of 90% normal saline (0.9% NaCl):10% 
propylene glycol (Mallinckrodt , St. Louis, Mo., U.S. P.) 
resulting in a formulation having a lipid concentration of 5 
mg/ml. The mixture was then heated to 45°C for 10 minutes 
followed by filtration through two 0.2 /im Gelman Suporflow 
200 sterilizing filters (Gelman Sciences, Ann Arbor, 
Michigan) . The filtered product was clear in appearance and 
less than 0.1% by weight of residual lipid remained on the 
filter. 

Example 2: Demonstration of the Preparation of a Mixture of 
Lipids 

Sixty grams of lipid composed of 9 0%: 10%, w:w, of 
dipalmitoylphosphatidylcholine (DPPC) and 
dipalmitoylphosphatidic acid (DPPA) were dispersed in 
sterile water U.S. P. to a final concentration of 25 ml per 
gram lipid (40 mg/ml), as described in Example 1. The 
identical procedure was used as described but the final 
lipid concentration in the formulation was 1 mg/ml. The 
product was filtered with less than 0.1% loss of residual 
lipid • 

Example 3: Demonstration of the Preparation of a Mixture of 
Lipids 

Sixty grams of lipid composed of 82%: 8%: 10% (mole 
%) (54%:40%:6% (weight %)), of dipalmitoylphosphatidyl- 
choline (DPPC) , dipalmitoylphosphatidylethanol -polyethylene 
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glycol 5000 (DPPE-PEG 5000) , and dipalmitoylphosphatidic 
acid (DPPA) were dispersed in sterile water U.S. P. to a 
final concentration of 25 ml per gram lipid, as described in 
Example 1. The same dispersion and lyophilization process 
5 was performed as described in Example 1. The lipid mixture 
was then dispersed in a pharmaceutical carrier comprised of 
0.9% saline in sterile water : propylene glycol : glycerol , 
8:1:1, <v:v:v) to a concentration of 25 mg/ml . The product 
was easily filtered, once again leaving less than 0.1% loss 
10 of the residual mixture. 

Example 4 : Comparison of Lipid Blends Formulated by 
Dispersion and Lyophilization in: 1) Ethanol :Cyclohexane # 2) 
Tertiary Butanol, and 3) an Aqueous Solvent 

Samples of lipid blends as described in Example 3 

15 were prepared by dispersion in the three solvents: 1) 

ethanol : cyclohexane , 2) tertiary butanol (t-butanol or 1,1- 
dimethyl ethanol), and 3) water, followed by lyophilization 
as described in Example 1. Ethanol : cyclohexane (1:1, v:v) 
and t-butanol provide examples of organic solvents. Samples 

20 of each blend were then formulated in a pharmaceutical 

carrier comprised of 0.9% saline in sterile water : propylene 
glycol : glycerol, 8:1:1, (v:v:v) as described in Example 3 to 
a concentration of 1 mg total lipid per ml carrier solution. 
Samples were sealed in vials and a headspace of not less 

25 than 65% by volume perf luoropropane was added. Samples were 
then agitated to form microspheres by placing the vials on a 
Wig-L-Bug m (Crescent Dental, Lyons, 111.) and shaking at a 
rate of 3300 rpm for 60 seconds. Each vial was then 
analyzed for microsphere concentration using a Particle 

30 Sizing Systems Model 770 (Particle Sizing Systems, Santa 

Barbara, Calif.) light obscuration particle sizer. Table 1 
sets forth the distributions of the ethanol : cyclohexane 
blend, the tert-butanol blend, and the aqueous blend. 
Somewhat similar size distributions resulted for each blend. 

3 5 However, a superior number of microspheres was generated 
from the aqueous lipid mixture vs. the organic mixtures. 
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Table 1 

Analytical Distribution for Microsphere Preparations 
from Cyclohexane-Ethanol, t-Butanol, and Aqueous Blends 


Microsphere 
Criteria 

Cyc 1 ohexane - 

Ethanol 

Blend 

*t-Butanol 
Blend 

Aqueous 
Blend 

Number 

Weighted Mean 
of Microsphere 
Size 

2 . 63/im 

2.04pm 

2.35/im 

Microspheres 
/ml 

8.33 x 10 a 

1 x 10 9 

1.6 x 10 9 

% Microspheres 
Below 10 tim 

96.88% 

99.3% 

99.31% 


*Note: The dispersion of t-butanol lipid into the diluent 
15 formulation was extremely difficult and required 

approximately 3 days for complete dispersion/dissolution. 
Thus, the t-butanol blend was not pharmaceutical^ efficient 
from a manufacturing perspective. 

Example 5 : Comparison of Lipid Blends Formulated by 
20 Dispersion and Lyophilization in 1) Ethanol : Cyc 1 ohexane and 
2) an Aqueous Solvent 

Samples as described in Example 4 were prepared as 

1) a ethanol :cyclohexane lipid blend and 2) an aqueous 

blend. Products were shaken to generate microspheres 

25 followed by analysis of number weighted mean sizing on a 
Particle Sizing Systems (PSS, Santa Barbara, Calif.) Model 
770 light obscuration particle sizer, by total particle 
count, and by determination of % microspheres below 10 jzm. 
The analysis of microspheres below 10 /im is important 

3 0 because of flow of microspheres through the pulmonary 

capillary bed is limited by the size of the capillaries. No 
filtration step was incorporated into this demonstration. 
The aqueous blend resulted in smaller sizes, a greater total 
number of microspheres, and the % of all microspheres below 

35 /xm was substantially greater. The results of this study 
find the aqueous lipid blend to be more efficacious due to 
more microspheres, safer due to less microspheres greater 
than 10 jnri, and particularly devoid of solid lipid. 
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Example 6: Comparison of Lipid Blends Formulated by 
Dispersion and Lyophilization in 1) Ethanol : Cyclohexane and 
2) an Aqueous Solvent 

Samples as described in Example 4, 82%: 8%: 10%, 
5 mole %:mole %:mole % (54%:40%:6% (w:w:w)), of dipalmitoyl- 
phosphatidylcholine (DPPC) , dipalmitoylphosphatldylethanol - 
polyethylene glycol 5000 (DPPE-PEG 5000) , and dipalmitoyl- 
phosphatidic acid (DPPA) ) were prepared by 1) the 
ethanol : cyclohexane lipid blend and 2) the aqueous blend at 
10 Ben Venue Laboratories, Bedford, Ohio.. Samples, prior to 
production of a sterile-filled product, were sterile 
filtered through a Gelman Supor flow 0 . 2 /im filter (Gelman 
Scientific, Boston, Mass.). Samples were then sealed in 
glass vials and the headspace filled with perf luoropropane 
15 as described in Example 4. 

All HPLC analyses were conducted on a Perkin Elmer 
Series 200 Quaternary HPLC pump (Perkin Elmer Corp., 
Norwalk, Conn.) with a Rheodyne Model 9125 Sample Injector, 
20 /xL sample loop, and Model 7040 4-Way solvent switcher. 
20 Evaporative light scattering detection was conducted on an 
ACS Model 950/14 Mass Detector (Polymer Labs, Inc., Amherst, 
MA) pre-equilibrated to 90°C. All data was transferred to a 
80486 DOS compatible PC computer equipped with Perkin Elmer 
Turbochrome® 4.1 Data Collection and Analysis Software. 
2 5 HPLC separations were performed with an ASTEC 5 /im 

spherical diol-bonded 250 x 4 . 6 mm steel analytical column 
(Advanced Separation Technologies, Inc., Whippany, New 
Jersey). The mobile phase for development consisted of a 
chloroform: methanol : 3 0% aqueous ammonia mixture (90:9:1.0, 
30 v:v:v) and an enrichment phase consisting of 

chloroform: methanol : water : 30% aqueous ammonia mixture 
(60:34:4.0:2.0, v:v:v:v). A profile of the non-linear 
gradient is provided in Figure 1 and Table 2. Table 2 
provides the peak # (number) , the component name, the time 
35 in minutes the analyte took to elute from the column, the 
area under each peak in microvolt (seconds) ; the height of 
each peak in microvolt; the area percent of each peak as a 
percent of the total area of the peaks combined; and the 
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area/heigh in seconds. Note that Figure 1 sets forth the 
height (microvolt (seconds) in Table 2) as a response in 
millivolts . 

TABLE 2 


10 


15 


20 


25 


30 


Peak 

a 

Component 
Name 

Time 
(min] 

Area 
[pV-s] 

Height 
(mv] 

Area 

Area/ 
Height 
fs] 

i 

PEG- 5000 

1.838 

4069080.93 

371856.56 

41.70 

10.94 

2 

DPPC 

11. 517 

5019437.86 

642372 .12 

51.44 

7.81 

3 

DPPA 

12.848 

670139.75 

94050.55 

6.87 

7.13 




9758658.55 

1.11X10 6 

100.00 



35 


Solid phase extraction cartridges were first 
prepped by passing 4 . 0 ml of methanol through the column. 
Second, 3.0 ml of HPLC grade water was passed through the 
cartridge followed by 3 . 0 ml of the sample preparation. A 
three ml aliquot containing a lipid mixture with a total 
lipid concentration of 1 mg ml' 1 was then loaded onto the 
cartridge column. The column was then eluted with 6.0 ml of 
HPLC grade water and the combined eluents discarded. The 
lipid mixture was then eluted from the column with the 
following eluents; 1) 10.0 ml of methanol, 2) 10.0 ml of 
methanol: chloroform (1:1, v:v) , and 3) 20 ml of methanol 
chloroform: water (10:10:3, v : v:v) . The three eluents were 
combined and concentrated in vacuo. The remaining, 
primarily aqueous residue was then lyophilized by freezing 
over a dry ice bath and drying until a white powder composed 
of extracted lipid residue remained. The dry residue was 
then dissolved in 1 ml of dry chloroform and 20 ^1 injected 
onto the HPLC for analysis. 

Figure 2A is an HPLC profile of the lipid blend 
dispersed and lyophilized from the ethanol :cyclohexane 
mixture. Table 3 provides the details of Figure 2A: the 
peak # (number), the component name, the time in minutes the 
analyte took to elute from the column, the area under each 
peak in microvolt (seconds) ; the height of each peak in 
microvolt; the area percent of each peak as a percent of the 
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total area of the peaks combined; and the area/heigh in 
seconds. Note that Figure 2A sets forth the height 
(microvolt (seconds) in Table 3} as a response in 
millivolts. 
5 TABLE 3 


Peak 
# 

Component 
Name 

Time 
[min] 

Area 

Height 

Area 

Area/ 
Height 
[s] 

1 

PEG-5000 

2.076 

2563767. 96 

220008.85 

58 .60 

11.65 

3 

DPPC 

10.170 

1718951.23 

208477.65 

39.43 

8.25 

4 

DPPA 

11.722 

77134.40 

14654 .25 

1.77 

5.26 




4359873.59 

443140.75 

100 .00 



Figure 2B is an HPLC profile of the lipid blend dispersed 
and lyophilized from the aqueous blend. Table 4 provides 
the details of Figure 2B: the peak # (number), component 

15 name, time in minutes the analyte took to elute from the 
column, area under each peak in microvolt (seconds) ; the 
height of each peak in microvolt; the area percent of each 
peak as a percent of the total area of the peaks combined; 
and the area/heigh in seconds. Note that Figure 2B sets 

20 forth the height (microvolt (seconds) in Table 4) as a 
response in millivolts. 
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5 


Peak 

Component 
Name 

Time 
[min] 

Area 

Height 
[/iV] 

Area 

Area/ 
Height ' 
Is) 

i 

PEG- 5000 

1. 956 

3733461.39 

215714.27 

42.73 

17.31 

2 

DPPC 

11.558 

4523259.40 

555075. 04 

51.77 

8.15 

3 

DPPA 

12.756 

4B1181. B3 

67502.11 

5.51 

7.13 




8737902.62 

B38291.42 

100.00 



The quantitation of the extraction from the 
aqueous blend is indicative of the starting lipid 

10 proportions originally prepared. In particular, the 

negatively charged lipid, phosphatidic acid, in the aqueous 
blend is dispersed and dissolved more efficiently with less 
incidental losses due to filtration than the organic solvent 
blend. This demonstrates that the aqueous blend is 

15 pharmaceutically easier to analyze and that losses by 
filtration do not significantly alter the indicated 
proportions of lipids. 

Example 7: Demonstration of Superior Ultrasonic Imaging 
Capabilities Using Aqueous Blended Lipid vs. Cyclohexane- 
20 Ethanol Blended Lipid 

Phase I human clinical trials conducted with a 
Good Manufacturing Practice <GMP) produced batch of 
cyclohexane: ethanol blended lipid (GMP-l) , and an aqueous 
blended lipid (GMP-2) . Microspheres prepared as described 

25 in Example 4 were administered to healthy adult males during 
a Phase I Clinical trial. Comparative doses of 5 /iL/kg, 
10/xL/kg, and 15 fih/kg were administered intravenously in the 
forearm. Ultrasonic imaging was performed on the heart 
region with 2.5 Mhz, 3.5 Mhz, and 5 Mhz transducers. 

30 Imaging demonstrated particular acuity in opacification of 
the myocardial (muscle tissue) region of the heart when the 
GMP-2 formulation was used compared to the GMP-l 
formulation. This demonstrates the superiority of the 
blend. The aqueous blend results in ease of preparation for 

35 manufacturing, more efficient manufacturing, and superior 
imaging capabilities. 
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The disclosures of each patent, patent application 
and publication cited or described in this document are 
hereby incorporated herein by reference, in their entirety. 
Various modifications of the invention, in 
5 addition to those described herein, will be apparent to 
those skilled in the art from the foregoing description. 
Such modifications are also intended to fall within the 
scope of the appended claims. 
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CLAIMS 

What is claimed is: 

1. A gas- filled microsphere comprising a 
reconstituted blend of the lyophilized composition lipids 
5 dipalmitoylphosphatidylcholine, dipalmitoylphosphatidyl- 
ethanolamine-polyethylene glycol, and dipalmitoyl- 
phosphatidic acid, in a ratio of about 70 to about 90 mole 
percent, about 5 to about 15 mole percent, and about 5 to 
about 15 mole percent, respectively, dispersed in an 
10 aqueous-based pharmaceutical^ acceptable carrier, wherein 
the combined concentration of lipids in the pharmaceut ically 
acceptable carrier is about 0.1 mg/ml to about 5 mg/ml, 
wherein said gas in said gas-filled microsphere is a 
fluorine-containing gas. 

15 2 - gas-filled microsphere of claim 1 

comprising dipalmitoylphosphatidylcholine, dipalmitoyl- 
phosphatidylethanolamine-polyethylene glycol, and 
dipalmitoylphosphatidic acid in a ratio of about 80 to about 
85 mole percent, about 5 to about 10 mole percent, and about 

20 5 to about 10 mole percent, respectively. 

3. The gas-filled microsphere of claim 1 
comprising dipalmitoylphosphatidylcholine, dipalmitoyl- 
phosphatidylethanolamine-polyethylene glycol, and 
dipalmitoylphosphatidic acid in a ratio of about 82 mole 

25 percent, about 8 mole percent, and about 10 mole percent, 
respectively. 

4. The gas-filled microsphere of claim 1 wherein 
said fluorine-containing gas is selected from the group 
consisting of sulfur hexafluoride and a perf luorocarbon . 

30 5 - T he gas-filled microsphere of claim 4 wherein 

said perfluorocarbon is selected from the group consisting 
of perf luoropropane, perf luoropentane, perf luorohexane , and 
perf luorobutane . 
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6. The gas- filled microsphere of claim 1 wherein 
the combined concentration of lipids is about 1 mg/ml of a 
pharmaceutically acceptable carrier. 

7. The gas-filled microsphere of claim 1 wherein 
5 the pharmaceutically acceptable carrier is selected from the 

group consisting of a mixture of water, glycerol, and 
propylene glycol and a mixture of saline, glycerol, and 
propylene glycol, in a ratio of 8:1:1, v:v:v, respectively. 

10 8. The gas-filled microsphere of claim 1 wherein 

polyethylene glycol is between about 400 and about 200,000 
molecular weight. 

9. The gas-filled microsphere of claim 1 wherein 
polyethylene glycol is between about 1,000 and about 20,000 

15 molecular weight. 

10. The gas-filled microsphere of claim 1 wherein 
polyethylene glycol is between about 2,000 and about 8,000 
molecular weight. 

11. The gas-filled microsphere of claim 1 wherein 
20 polyethylene glycol is about 5,000 molecular weight. 

12. A lyophilized lipid composition comprising 
the lipids dipalmitoylphosphatidylcholine , dipalmitoyl - 
phosphatidylethanolamine -polyethylene glycol , and 
dipalmitoylphosphatidic acid, in a ratio of about 70 to 

25 about 90 mole percent, about 5 to about 15 mole percent, and 
about 5 to about 15 mole percent in aqueous solution of, 
respectively, produced by lyophilizing a combined 
concentration of lipids in an aqueous solution of about 20 
mg/ml to about 50 mg/ml. 


30 13. The lipid composition of claim 12 comprising 

dipalmitoylphosphatidylcholine , dipalmitoylphosphatidyl- 
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ethanolamine-polyethylene glycol, and dipalmitoyl- 
phosphatidic acid in a ratio of about 80 to about 85 mole 
percent, about 5 to about 10 mole percent, and about 5 to 
about 10 mole percent, respectively. 

5 14 . The lipid composition of claim 12 comprising 

dipalmitoylphosphatidylcholine, dipalmitoylphosphatidyl - 
ethanolamine-polyethylene glycol, and dipalmitoyl- 
phosphatidic acid in a ratio of about 82 mole percent, about 
8 mole percent, and about 10 mole percent, respectively. 

10 15 • The lipid composition of claim 12 comprising 

dipalmitoylphosphatidylcholine , dipalmitoylphosphatidyl - 
ethanolamine-polyethylene glycol, and dipalmitoyl- 
phosphatidic acid in a ratio of about 82 mole percent, about 
8 mole percent, and about 10 mole percent, respectively, 

15 wherein the combined concentration of lipids is about 25 
mg/ml of aqueous solution prior to lyophilizing . 

16. The lipid composition of claim 12 wherein 
said composition is flocculent. 

17. The lipid composition of claim 12 wherein 

20 said aqueous solution is selected from the group consisting 
of water, buffer, physiological saline, and normal saline. 

18. The lipid composition of claim 12 wherein 
polyethylene glycol is between about 400 and about 200,000 
molecular weight. 

25 19 • The lipid composition of claim 12 wherein 

polyethylene glycol is between about 1,000 and about 20,000 
molecular weight. 


20. The lipid composition of claim 12 wherein 
polyethylene glycol is between about 2,000 and about 8,000 
30 molecular weight. 
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21. The lipid composition of claim 12 wherein 
polyethylene glycol is about 5,000 molecular weight. 

22. A method of preparing a gas-filled 
microsphere comprising: 

5 a. obtaining a lyophilized lipid composition 

comprising the lipids dipalmitoylphosphatidylcholine , 
dipalmitoylphosphatidyleithanolamine -polyethylene glycol , and 
dipalmitoylphosphatidic acid, in a ratio of about 70 to 
about 90 mole percent, about 5 to about 15 mole percent, and 
10 about 5 to about 15 mole percent, respectively, wherein the 
combined concentration of lipids is about 20 mg/ml to about 
50 mg/ml of aqueous solution prior to lyophilizing ; 

b. dispersing said lyophilized composition in an 
aqueous-based pharmaceutical^ acceptable carrier to a 

15 concentration of about 0.1 mg/ml to about 5 mg/ml to form an. 
aqueous microsphere -forming solution; 

c. introducing a fluorine-containing gas into 
said aqueous microsphere- forming solution; and 

d. shaking said aqueous microsphere- forming 
20 solution to form a microsphere filled with fluorine- 
containing gas. 

23 . The method of claim 22 wherein the shaking 
step comprises vortexing. 

24 . The method of claim 22 further comprising the 
25 steps of filtering said aqueous microsphere- forming 

solution . 

25. The method of claim 22 further comprising 
extruding said aqueous microsphere- forming solution through 
at least one filter of a selected pore size. 


30 26. The method of claim 25 wherein the pore size 

is about 10 jzm or smaller. 
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27. The method as in claim 25 wherein the pore 
size is about 0.22 /xm. 

28. The method of claim 22 further comprising 
heating said aqueous microsphere- forming solution. 

5 29. The method of claim 25 further comprising 

dispersing said aqueous microsphere -forming solution into at 
least one vessel . 


30. The method of claim 22 wherein step c. 
comprises placing a vessel containing said aqueous 
microsphere- forming solution in a chamber and introducing a 
fluorine-containing gas into said chamber, and step d. 
comprises shaking said vessel to form a microsphere filled 
with fluorine-containing gas. 


10 


31. The method of claim 30 further comprising 
15 pressurizing said vessel. 

32. The method of claim 22 wherein step c. 
comprising placing a vessel containing said aqueous 
microsphere -forming solution in a pressurized chamber, 
evacuating the chamber of gas, and filling the chamber with 

20 a fluorine- containing gas such that the head space of the 
vessel is filled with a fluorine-containing gas and step d. 
comprises shaking said vessel to form a microsphere filled 
with a fluorine-containing gas. 

33. The method of claim 22 wherein said aqueous 
25 solution is selected from the group consisting of water, 

physiological saline, and normal saline. 


34 . The method of claim 22 wherein said 
pharmaceutical ly acceptable carrier is selected from the 
group consisting of a mixture of water, glycerol, and 


10 
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. a mixture of saline, glycerol, and 

\ *»** lm 9 YC ! In a ratio of v.v.v. respectively, 

propylene glycol, in a ratio o 

35 The method of claim 22 wherein said fluorine- 
' containing gas is selected from the group consisting of 

sulfur hexafluoride and a perf luorocarbon. 

36 The method of claim 35 wherein said 
perfluorocarbon is selected from the group consisting of 
Crfluoropropane, perfluoropentane. perf luorohexane . and 

erf luorobutane . 

37. a method for preparing a fluorine-containing 
gas-filled microsphere comprising: 

a reconstituting the lipids dipaltnitoyl - 
phosphatidylcholine, dipalmitoylphosphatidylethanolamine- 
polyethylene glycol, and dipalmitoylphosphatidic acid in a 
ratio of about 70- to about 90 mole %, about 5 to about 15^ 
^ e % . and about 5 to about 15 mole % . respectively m an 
aqueous solution to a concentration of about 20 mg/ml to 
. a Lt 50 mg/ml to form a lipid- containing aqueous solution. 

b lyophilizing said lipid-containing aqueous 
solution to form a lyophilized composition such that the 
dipalmitoylphosphatidylcholine, dipalmitoylphosphatidyl- 
ethanolamine-polyethylene glycol, and dipalmitoyl- ^ 
phosphatide acid ratio of about 70 to about^SO mole , 
25 Ibout 5 to about 15 mole %, and about 5 to about 15 mole 
respectively, is uniform throughout the composition; 
respecti y. ^ lyophilized exposition in an 

aqueous-based pharmaceutically acceptable carrier to a 
concentration of about 0.1 mg/ml to about 5 mg/ml to form an 
30 aqueous microsphere- forming solution; 

d. introducing a fluorine -containing gas into 
said aqueous microsphere -forming solution; and 


15 
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e. shaking said aqueous microsphere -forming 
solution to form a microsphere filled with fluorine- 
containing gas. 

38. The method of claim 37 wherein the shaking 
5 step comprises vortexing. 

39. The method of claim 37 further comprising the 
steps of filtering said aqueous microsphere -forming 
solution. 

40. The method of claim 37 further comprising 
10 extruding the aqueous microsphere -forming solution through 

at least one filter of a selected pore size. 

41. The method of claim 40 wherein the pore size 
is about 10 fim or smaller. 

42. The method as in claim 40 wherein the pore 
15 size is about 0.22 fim. 

43. The method of claim 37 further comprising 
heating said aqueous microsphere -forming solution. 

44. The method of claim 4 0 further comprising 
dispersing said aqueous microsphere- forming solution into at 

20 least one vessel. 

45. The method of claim 37 wherein step d. 
comprises placing a vessel containing said aqueous 
microsphere -forming solution in a chamber and introducing a 
fluorine-containing gas into said chamber, and step e. 

25 comprises shaking said vessel to form a microsphere filled 
with f lourine-containing gas. 

46. The method of claim 45 further comprising 
pressurizing said vessel. 
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47. The method of claim 37 wherein step d. 
comprises placing a vessel containing said aqueous 
microsphere- forming solution in a pressurized chamber, 
evacuating the chamber of gas, and filling the chamber with 

5 a fluorine-containing gas such that the head space of the 
vessel is filled with a fluorine-containing gas and step e. 
comprises shaking said vessel to form a microsphere filled 
with a fluorine-containing gas. 

48. The method of claim 37 wherein said aqueous 
10 solution is selected from the group consisting of water, 

physiological saline, and normal saline. 

49. The method of claim 37 wherein said 
pharmaceutical^ acceptable carrier is selected from the 
group consisting of a mixture of water, glycerol, and 

15 propylene glycol and a mixture of saline, glycerol, and 

propylene glycol in a ratio of 8:1:1, v:v:v, respectively. 

50. The method of claim 37 wherein step d. 
comprises placing a vessel containing said aqueous 
microsphere -forming solution in a chamber and introducing a 

20 perf luorocarbon, and step e. comprises shaking said vessel 
to form a perf luorocarbon-containing microsphere. 

51. The method of claim 50 wherein step d. 
comprises placing a vessel containing said aqueous 
microsphere- forming solution in a chamber and introducing a 

25 perf luorocarbon selected from the group consisting of 

perf luoropropane and perf luorobutane into said chamber, and 
step e. comprises shaking said vessel to form a 
perf luorocarbon-containing microsphere . 

52. The method of claim 37 wherein step d. 
30 comprises placing a vessel containing said aqueous 

microsphere- forming solution in a pressurized chamber, 
evacuating the chamber of gas, and filing the chamber with 
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perf luorocarbon such that the head space of the vessel is 
filled with a perf luorocarbon, and step e. comprises shaking 
said vessel to form a perf luorocarbon-containing 
microsphere. 

5 53. The method of claim 52 wherein step d. 

comprises placing a vessel containing said aqueous 
microsphere -forming solution in a pressurized chamber, 
evacuating the chamber of gas, and filing the chamber with a 
perf luorocarbon selected from the group consisting of 
10 perf luoropropane and perf luorobutane such that the head 
space of the vessel is filled with a perf luorocarbon, and 
step e. .comprises shaking said vessel to form a 
perf luorocarbon-containing microsphere. 

54. The method of claim 37 wherein said fluorine- 
15 containing gas is selected from the group consisting of 

sulfur hexafluoride and a perf luorocarbon . 

55 . The method of claim 54 wherein said 
perfluorocarbon gas is selected from the group consisting of 

20 perf luoropropane, perf luoropentane, perf luorohexane, and 
perf luorobutane . 

56. A method for preparing a gas-filled 
microsphere comprising: 

a. dispersing the lipids dipalmitoyl- 

25 phosphatidylcholine, dipalmitoylphosphatidylethanolamine- 
polyethylene glycol, and dipalmitoylphosphatidic acid in a 
ratio of about 82 mole %, about 8 mole %, and about 10 mole 
%, respectively, in an aqueous solution to a concentration 
of about 25 mg/ml to form a lipid- containing aqueous 

3 0 solution; 

b. lyophilizing said lipid-containing aqueous 
solution to form a lyophilized composition such that the 
dipalmitoylphosphatidylcholine, dipalmitoylphosphatidyl - 
ethanolamine-polyethylene glycol, and dipalmitoyl- 
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phosphatide .acid ratio of about 82 mole %, about 8 mole %, 
and about 10 mole %, respectively, is uniform throughout the 
composition; 

c. dispersing said lyophilized composition in an 
5 aqueous-based pharmaceutical^ acceptable carrier to a 

concentration of about 1 mg/ml to form an aqueous 
microsphere- forming solution; 

d. heating said aqueous microsphere -forming 

solution; 

10 e. filtering said aqueous microsphere- forming 

solution through a filter having pores of about 0.22 m™; 

f . dispersing said aqueous microsphere- forming 
solution into at least one vessel, placing the vessel into a 
pressurized chamber and evacuating said chamber; 

15 g. introducing a fluorine-containing gas into 

said chamber such that the head space of the vessel is 
filled with a fluorine-containing gas, and 

h. shaking said vessel to form a microsphere 
filled with fluorine-containing gas. 


20 


57. The method of claim 56 wherein step h. takes 
place at a temperature below the gel to liquid crystalline 
phase transition temperature of the lipid. 

58. The method of claim 56 wherein said fluorine- 
containing gas is selected from the group consisting of 

25 sulfur hexafluoride and a perf luorocarbon . 

59. The method of claim 58 wherein said 
perf luorocarbon is selected from the group consisting of 
perf luoropropane, perf luoropentane , perf luorohexane , and 
perf luorobutane . 

30 60. A method for preparing a lyophilized lipid 

composition comprising: 

a. dispersing the lipids dipalmitoyl- 
phosphat idylchol ine , dipalmi toylphosphat idylethanolamine - 
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polyethylene glycol, and dipalmitoylphosphatidic acid in a 
ratio of about 70 to about 90 mole %, about 5 to about 15 
mole %, and about 5 to about 15 mole %, respectively, in an 
aqueous solution to a concentration . of about 20 to about .50 
5 mg/ml to form a lipid-containing aqueous solution; and 

b. lyophilizing said lipid-containing aqueous 
solution to form a lyophilized composition such that the 
dipalmitoylphosphatidylcholine, dipalmitoylphosphatidyl- 
ethanolamine-polyethylene glycol, and dipalmitoyl- 
10 phosphatidic acid ratio of about 70 to about 90 mole %, 
about 5 to about 15 mole % # about 5 to about 15 mole %, 
respectively, is uniform throughout the composition. 

61. The method of claim 60 wherein said 
composition is flocculent. 

!5 62. The method of claim 60 wherein said aqueous 

solution is selected from the group consisting of water, 
physiological saline., and normal saline. 

63. The method of claim 6 0 comprising: 

a. dispersing the lipids dipalmitoyl- 

20 phosphatidylcholine, dipalmitoylphosphatidylethanolamine- 
polyethylene glycol, and dipalmitoylphosphatidic acid in a 
ratio of about 80 to about 85 mole %, about 5 to about 10 
mole %, and about 5 to about 10 mole %, respectively, in an 
aqueous solution to a concentration of about 20 to about 50 

25 mg/ml to form a lipid-containing aqueous solution; and 

b. lyophilizing said lipid-containing aqueous 
solution to form a lyophilized composition such that the 
dipalmitoylphosphatidylcholine , 

dipalmitoylphosphatidylethanolamine-polyethylene glycol , and 
30 dipalmitoylphosphatidic acid ratio of about 80 to about 85 
mole %, about 5 to about 10 mole %, and about 5 to about 10 
mole %, respectively, is uniform throughout the composition. 


64. The method of claim 60 comprising: 
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a. dispersing the lipids dipalmitoyl- 
phosphatidylcholine, dipalmitoylphosphatidylethanolamine- 
polyethylene glycol, and dipalmitoylphosphatidic acid in a 
ratio of about 82 mole %, about 8 mole %, and about 10 mole 

5 %, respectively, in an aqueous solution to a concentration 
of about 20 to about 50 mg/ml to form a lipid-containing 
aqueous solution; and 

b. lyophilizing said lipid-containing aqueous 
solution to form a lyophilized composition such that the 

10 dipalmitoylphosphatidylcholine, dipalmitoylphosphatidyl - 
ethanolamine-polyethylene glycol, and dipalmitoyl- 
phosphatidic acid ratio of about 82 mole %, about 10 mole %, 
and about 10 mole %, respectively, is uniform throughout the 
composition. 

15 

65. The method of claim 60 comprising: 

a. dispersing the lipids dipalmitoyl- 
phosphatidylcholine , dipalmitoylphosphatidylethanolamine- 
polyethylene glycol, and dipalmitoylphosphatidic acid in a 

20 ratio of about 82 mole %, about 8 mole %, and about 10 mole 
%, respectively, in an aqueous solution to a concentration 
of about 25 mg/ml to form a lipid-containing aqueous 
solution; and 

b. lyophilizing said lipid-containing aqueous 
25 solution to form a lyophilized composition such that the 

dipalmitoylphosphatidylcholine , dipalmitoylphosphatidyl - 
ethanolamine-polyethylene glycol, and dipalmitoyl- 
phosphatidic acid ratio of about 82 mole %, about 10 mole %, 
and about 10 mole %, respectively, is uniform throughout the 
3 0 composition. 

66. A microsphere of claim 1 wherein said lipids 
comprise a monolayer, 

67. A microsphere of claim 66 wherein said gas is 
selected from the group consisting of sulfur hexafluoride 

35 and a perf luorocarbon . 
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'68. A microsphere of claim 67 wherein said 
perf luorocarbon is selected from the group consisting of 
perf luorobutane , perf luoropropane , perf luoropentane , and 
perf luorohexane . 
5 69. A lyophilized lipid composition of claim 12 

wherein said lipids comprise a monolayer. 

70. A lyophilized lipid composition of claim 69 
wherein said gas is selected from the group consisting of 
sulfur hexafluoride and a perf luorocarbon . 

10 71. A lyophilized lipid composition of claim 70 

wherein said perf luorocarbon is selected from the group 
consisting of perf luorobutane, perf luoropropane , 
perf luoropentane, and perf luorohexane . 

72. A method of claim 22 wherein said lipids 
15 comprise a monolayer. 

73 . A method of claim 72 wherein said gas is 
selected from the group consisting of sulfur hexafluoride 
and a perf luorocarbon . 

74. A method of claim 73 wherein said 

20 perf luorocarbon is selected from the group consisting of 
perf luorobutane , perf luoropropane , perf luoropentane , and 
perf luorohexane . 

75. A method of claim 37 wherein said lipids 
comprise a monolayer. 

25 76. A method of claim 75 wherein said gas is 

selected from the group consisting of sulfur hexafluoride 
and a perf luorocarbon. 


77. A method of claim 76 wherein said 
perf luorocarbon is selected from the group consisting of 
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per f luorobutane , perf luoropropane , perf luoropentane , and 
perf luorohexane . 

78. A method of claim 56 wherein said lipids 
comprise a monolayer. 

5 79. A method of claim 78 wherein said gas is 

selected from the group consisting of sulfur hexafluoride 
and a perf luorocarbon. 

80. A method of claim 79 wherein said 

perf luorocarbon is selected from the group consisting of 
10 perf luorobutane, perf luoropropane , perf luoropentane , and 
perf luorohexane . 

81. A method of claim 60 wherein said lipids 
comprise a monolayer. 

82. A method of claim 81 wherein said gas is 
15 selected from the group consisting of sulfur hexafluoride 

and a perf luorocarbon . 

83. A method of claim 82 wherein said 

perf luorocarbon is selected from the group consisting of 
perf luorobutane, perf luoropropane , perf luoropentane , and 
20 perf luorohexane . 


84. A gas-filled microsphere of claim 1 which 
comprises cross-linked or polymerized liposomes. 
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